Historically, marine survival estimates for salmon have been confounded with freshwater 3 seaward migration ("outmigration") survival. Telemetry studies have revealed low and variable 4 survival during outmigration, suggesting marine mortality may not be the primary source of 5 variability in cohort size as previously believed. Using a novel combination of tagging 6 technologies, survival during these two life stages was decoupled over five years for Sacramento 7 River Chinook salmon. Outmigration survival ranged from 2.6% to 17%, marine survival ranged 8 from 4.2% to 22.8%. Influential environmental drivers in both life stages were also compared to 9 smolt-to-adult ratios (SAR) for three Chinook salmon populations over 20 years. Streamflow 10 during outmigration had higher correlation with SAR (r-squared >0.34) than two marine 11 productivity indices (r-squared <0.08). The few SAR estimates that were poorly predicted by 12 flow occurred during years with the lowest marine productivity, suggesting most inter-annual 13 SAR fluctuations are explained by outmigration survival, but abnormally poor marine conditions 14 also reduce SAR. The outsized influence of flow on SAR provides managers with a powerful 15 mitigation tool in a watershed where flow is tightly regulated.
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The standard error (SE) of the SAR for a CWT release group is a function of , , and 171 the total number of observed CWTs (before expansion, ) (Skalski and Townsend 2005) :
For proper variance calculation, sampling fractions are needed per stratum. However, 174 protocols for estimating sampling fractions differed substantially by year and recapture type.
175
Overall, the sampling fraction for all CWTs recovered (across the strata) per brood year and per 176 population in this analysis was never below 0.21, and the mean was 0.35 for winter-run, 0.49 for 177 fall-run, and 0.63 for late-fall-run. Therefore, a global sampling fraction ( ) was applied to 178 equation 3 using a conservative estimate of 0.2:
When calculating SAR and standard error for more CWT release groups that were 181 released on the same day, , , and were totaled among those CWT release groups.
182
However, because there can be large heterogeneity in SAR estimates for different CWT release 183 groups released in the same year, annual SAR and standard errors are calculated differently 184 (Skalski and Townsend 2005) . Annual SAR is a weighted average across CWT release groups:
Where K is the number of CWT release groups in a year. Standard error of the annual 187 SAR is estimated as:
For the late-fall-run and winter-run populations, the only hatcheries that release smolts in Sacramento River that is available to anadromy, more than 500 river km from the Pacific Ocean. release groups) from brood years 2007 through 2010 (Fig. 4) . For the eight CWT release groups, 316 five were estimated to have higher marine survival than the respective outmigration survival 317 estimate, two groups had the opposite pattern, and one group had approximately equal survival in 318 both periods. SAR estimates were distributed above and below the BY 1993-2012 long-term 319 median SAR (0.81%; represented by the black dashed line in Fig. 4 ), suggesting that these 320 release groups experienced overall survival that was roughly representative of the larger pool of 321 CWT release group SAR estimates.
322
Freshwater outmigration survival vs. SAR
323
Freshwater survival had a strong positive relationship with overall SAR for these same 324 eight CWT release group clusters (r-squared 0.62; Fig. 5 ), indicating freshwater outmigration 325 survival was an important factor in overall SAR for those cohorts. linear models between SAR and flow (red labeled points in Fig. 6. d and g) . The r-squared of the 334 linear regressions with the outlier included was 0.08 for fall-run and 0.16 for winter-run (linear 335 regressions shown in Fig. 6. d and g 
